Abstract Five orange pigmented filamentous strains of Eikelboom's type 1851 were isolated from bulking activated sludge, and were examined for their phylogenetic lineage, morphology, and physiology. The analysis of 16S rDNA sequence revealed that the isolates belong to Chloroflexus subdivision in green non sulfur bacteria. They shared most common features with type 1851, but the result of Gram stain was negative. Furthermore, they showed polymorphic nature and gliding motility, which could not be seen in activated sludge samples. General physiological tests were conducted under aerobic conditions although they could also grow by fermentation. Good growth was generally seen on sugars. The extremely slow growth rate (0.48-0.93 day -1 ) suggests the stimulation of this type exclusively in long SRT systems fed with sugars.
Introduction
The dominant filamentous forms can be a potent indication for finding causes and remedial measures in bulking problems of the activated sludge system. The identification has been done on the basis of the classification system developed by Eikelboom all over the world (Eikelboom, 2000; Jenkins et al., 1993) . At present, common causative types are well known and their relation to stimulating conditions and controllability by kinetic and/or metabolic selection has been fairly understood (Wanner, 1994) . Of these filament types, type 1851 has been frequently observed in lowly loaded or long SRT systems (Eikelboom, 2000; Jenkins et al., 1993; Scruggs and Randall, 1998) . This long straight ensheathed filament has a tendency to be attached by other epiphytic bacteria and perhaps from this reason no examination based on isolates has been available so far. However, relatively "clear" filaments exist especially in the system treating some industrial wastewater, and it is possible to increase a clear portion of filament by the isolating procedure previously mentioned elsewhere (Kohno, 1988) . In this paper, we report cardinal characteristics of the organism based on five isolates.
Materials and methods

Isolation and cultivation
The five isolates were obtained from bulking activated sludge treating industrial wastewater (COM-B: cattle slaughtering, EJ2M-A: fruit juice processing, MYSI-A: miso manufacturing, and SCM-E: chicken slaughtering) and domestic sewage (NH3I-A) by spreading "clear-filaments-rich inoculum" on agar plates as previously mentioned (Kohno, 1988) . The agar medium used for isolation was IA (Kohno, 1988) , but heat extract (at 115°C for 15 min) of activated sludge (2-3 gSS/l) from a food industry was added to the medium at a ratio of 20% v/v to enhance the growth. The type-specific pinkish-orange-colored characteristic filamentous colony (Figure 1 ) that was previously confirmed by using a three dimension mechanical micromanipulator (Narishige company) fully appeared during incubation of 2-3 weeks at 25°C. The subsequent cultivation was usually conducted using GPY (0.4 g/l glucose, 0.2 g/l peptone, 0.2 g/l yeast extract, 0.1 g/l (NH 4 ) 2 used in the study was added with Eikelboom's vitamins mixture. When liquid culture was employed, 30 ml of liquid was filled in a 100 ml glass vial (40 mm diameter) fitted with a silicon plug. Incubation was usually conducted under stat conditions at 25°C in the dark. In every examination, lightly homogenized and centrifuge washed cell suspension was inoculated at the initial optical density of 550 nm.
General examination
Gram stain by Burke and Kopeloff-Beerman's method, PHB stain, Neisser stain, catalase and oxidase were conducted after a standard manual (Society of American Bacteriologist, 1957) . When the O-F test was conducted, the concentration of glucose in semisolid medium of GPY was elevated from 0.4 g/l to 2.0 g/l (G2PY), and BTB was separately added after the finish of incubation because of the inhibitory effects of BTB even at a concentration of 0.02 g/l. In addition, the test was repeated under similar conditions by replacing glucose with fructose (F2PY). Anaerobic fermentative growth was examined on liquid cultures of GPY, G2PY, and F2PY using BBL GasPack system. For the denitrification test, NaNO 3 of 0.5 g/l was added to GPY liquid medium. The growth range for pH, temperature, NaCl concentration and specific growth rate were determined on the basis of dry weight determination of filaments grown on GPY liquid culture or its modification. Carbon compound utilization was examined using semisolid medium in standard test tubes. The basal part plus vitamins mixture of EGG (Kohno, 1988) was used as the mineral base.
16S rDNA sequencing and analysis
The 16S rDNA was amplified directly from cells using eubacterial universal primers 27f: 5′-AGAGTTTGATCATGGCTCAG-3′ (Lane et al., 1985) and EUB r1387: 5′-GCCCGGGAACGTATTCACCG-3′ (Iwamoto et al., 2000) . PCR was conducted for 30 cycles with denaturation at 94°C for 60 s, annealing at 50°C for 30 s, and extension at 72°C for 30 s. The determination of the amplified 16S rDNA sequence was entrusted to TaKaRa Shuzo Co., Ltd (Shiga, Japan). The obtained 16S rDNA sequences were subjected to BLAST search and homologous sequences in GenBank were multiple-aligned by CLUSTAL W ver. 1.7. phylogenetic tree was constructed using NJplot (Perrière and Gouy, 1996) based on the distance matrix data obtained by the neighbor-joining method (Saitou and Nei, 1987) .
Results and discussion
Morphology and physiology
The cardinal features of the five isolates were similar to each other. Thus the results were shown in Table 1 as a whole. The highly filamentous colonial appearance on agar plates is shown in Figure 1 . Smooth tufted filaments were exclusively on the surface, while irregularly bent filaments were distinct when penetrating in agar. Filaments grown on liquid cultures mostly met the description given by Eikelboom (2000) . However, different morphology was also observed. Among filaments, wider filaments than 1 µm were always included. Furthermore, unique morphology resulting from the eminent tendency of the filaments to wind themselves was seen: spiral filaments (Figure 2A ), coiled filaments ( Figure 2B ), and roped filaments ( Figure 2C ) both in liquid cultures and on agar plates, and concentric rings ( Figure 2D1 ) only on agar plates. A multi-branching ( Figure 2D2 ), i.e. many filaments radiating from a certain point of a filament, was also observed when grown on agar plates. No single free cells were observed, and thus the purity could be easily confirmed during liquid cultivation. The massive growth showed an orange color. The result of Gram stain was negative and the outer membrane structure typical to the Gram-negative cell was observed in transmission electron microscopy. This disagreement with the description given by Eikelboom is embarrassing. As for this, Richard (1989) stated that the staining result is not consistent for this type and thus the key would not be reliable. Indeed, we also could not be confident for Gram-positiveness even with clear filaments in activated sludge samples. The spectrum of carbon compound utilization was somewhat different among the isolates. However, sugars including glucose, fructose, mannose, maltose, treharose, melibiose, raffinose, arabinose, and xylose and pyruvate were generally good T. Kohno et al. 113 Figure 2 The unique morphology of the isolates. A: spiral, B: coil, C: rope, D1: concentric ring, and D2: multi-branching Figure 1 Colonial appearance of the isolates carbon sources. The extremely slow gliding motility was needed to be repeatedly examined with filaments grown under various cultivating conditions in the course of the present study because of its quite rare observation.
Phylogenetic analysis of 16S rDNA sequence
The phylogenetic tree was constructed on the bases of the distance matrix data (Figure 3 ). The comparative 16S rDNA sequence analysis showed 98.8-99.8% similarity among the isolates, which suggests that all the isolates are conspecific. Further the result of the BLAST search and phylogenetic analysis clarified the isolates to be affiliated to the Chloroflexaceae group of green non sulfur bacteria; and even the highest 16S rDNA sequence similarity was only 84.9-86.3% to "Roseiflexus castenholzii". Therefore, these isolates of type 1851 have a possibility to be described as a new genus.
Conclusions
Type 1851 isolates from bulking activated sludge samples were characterized. As a result, the type 1851 was revealed as belonging to Chloroflexus subdivision in green non sulfur bacteria based on 16S rDNA sequence analysis. Furthermore, cardinal features both in morphology and physiology were clarified. Figure 3 Phylogenetic analysis of the five on the basis of 16S rDNA sequences. Bootstrap values (expressed as percentages of 100 re-samplings) are presented at the node
